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25

The authors give the results of recent measurements of

ABSTRACT

albedo from various natural surfaces: agricultural crops, soil,
snow, water, etc, The data are used for compiling tables of
spectral albedo for individual days as well as the averages for
several days. Curves are given showing the spectral character-
istics of albedo from the various types of surfaces. The data
given in this article are basically from measurements under
clear weather conditions. More observations under varying con-
ditions of illumination are needed for a better understanding

of the factors involved in changes of albedo from natural under-

lying surfaces.

Some preliminary data were given in references 1 and 2 on the spectral_égﬁ*
albedo of natural underlying surfaces. The present paper contains an analysis
of more recent data recorded for an extensive variety of underlying surfaces in
various climstic regions of the European territory of the USSR.

The spectral albedo of these naturasl underlying surfaces was measured by

means of a remotely controlled field unit which was considerably modernized

¥Numbers given in margin indicate pagination in original foreign text.
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Figure 1. Overall view of the remote-control field
installation and the field laboratory mounted on a

GAZ-43 tractor.

in comparison with the previously described instellation (ref. 2). An overall
view of this unit is shown in figure 1, The measurement program was planned
and carried out to give a variety of protracted observations for studying the
basic rules and factors invoived in the change of spectral albedo from several
typical surfaces. The most detailed measurements were made over alfalfa fields
in the Tairovo settlement of the Odessa Oblast. The observations were made on
20 clear days with 12-13 series of diurnal measurements. The surfaces of
vineyards, fallow (the bare surface of plowed soil), dry grass and corn were
studied at this same point.

Measurements were made above agricultural crops in the Poltava Oblast,
above the surface of clover, lupine and water in the Lithuanian SSR, and above
the surfaces of snow, asphalt and concrete in the Leningrad Oblast. Measure-
ments were made for two or three days above these surfaces to obtain data on

the most typical characteristics of the spectral albedo. All the surfaces




which we studied were divided into three categories according to the spectro-
photometric classification proposed by Ye. L. Krinov (ref. 3).

The first category includes surfaces for which the albedo increases q[gg
from the shortwave to the longwave spectral region. More specifically with an
_ increase in wavelength from 400 to 1000 mu. In this class are various types of
s0il, roads and many other objects.

The second category includes surfaces for which the albedo has a2 maximum in
the visible region of the spectrum (around 550-560 mp), a minimum in the 650-680
my region and high values in the 730-1000 mp region. All types of vegetation
belong in this category.

The third class includes surfaces for which the albedo is precisely con-
stant in the 500-80C mp wavelength range, but decreases on both sides of this
range (400-500 and §00-1000 mp). This category includes snow and water surfaces.

Albedo measurement data for individual periods of observations are given
in the table (see appendix). Also given there are averaged (mean daily and
"mean meteorological™) albedo values.

The mean daily values of albedo Al were calculgted as the arithmetical
means from data for periods which were situated symmetrically with respect to

true noon. The "mean meteorological" values of albedo A, were determined from

2
data for three periods of measurements (9, 12 and 15 hours). The relative error
for albedo values reduced to these periods was less than 5 percent. The working

spectral width of the slit was 10-120 A for the limits of the 450-900 mp Z26

wavelength range respectively.
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Figure 2. Mean daily values of spectral
albedo for several types of vegetation.
1, Sudan grass; 2, corn; 3, alfalfa (July);

4, alfalfa (June).

Vegetative Cover

A1l types of green vegetative cover which we studied in the state of closed
herbage have similar spectral albedo characteristics in the 420-900 mu wave-
length range. The spectral albedo increases somewhat for all vegetative cover
during the transition from A = 420 mp to A = 550 mp. A further increase in
wavelength resulted in a reduction in albedo due to the main absorption band of
chlorophyll (650-680 mp). There is a sharp increase in albedo beginning with a
wavelength of A = 700 mp and upward. The maximum albedo falls in the T720-1000
mp spectral region. There is either practically no change in the albedo in this
section, or somewhat of a reduction in the region from A = 850 mp to A = 1000 mpu.

The value of the albedo varies for each type of vegetative cover. Spectral
characteristics of albedo are given in figure 2 for several types of vegetation.
The average values oOf albedo for individual groups of plants are given in

table 1.
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Figure 3. Mean daily spectral albedo of

crops. 1, Tall corn; 2, sunflowers.

The table shows the main differences in albedo to be at wavelengths of
700-730 mp (from 6 to 20 percent). These changes reach 20 percent in the T50-
900 mp wavelength range.

The effect of the chlorophyll absorption shows up clearly for herbaceous
covers with lush vegetation (alfalfa in June, Sudan grass, lupine and cabbage);
a sharp change in albedo takes place in the TO0-T30 mp spectral region:

AA = A730 - AYOO = 16-22 percent. The albedo is 40-50 percent in the 750-900
myy wavelength region. The chlorophyll absorption band is also well defined for
herbaceous covers in the month of July (clover, alfalfa, corn for silage, beets);
however, the change in albedo in the 700-T730 mp is less pronounced, amounting to
AA = A73O - A7OO = 10-12 percent. The albedo comes to 28-30 percent in the
730-900 mp wavelength range.

The chlorophyll absorption band does not show up as well for surfaces [gz
with vegetation 110-140 em high during ripening (corn, sunflowers). The albedo
in the 450-T00 mp spectral region is 3-4 percent higher than for the first two

groups of vegetation (see fig. 3). The albedo is 28-30 percent in the 780-900 mp

wavelength range.
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Figure 4. Average daily values of spectral albedo for
surfaces with rarely planted vegetation and fallow.

1, Fallow; 2, vineyard (annual); 3, mowed Surface ofa

meadow; 4, young winter wheat.

A1l characteristics which are typical of thick herbage also show up to a
lesser degree in surfaces with rarely planted vegetation (young winter wheat,
the mowed surface of a meadow, the soil after melting of snow with last year's
grass and annual grapes in which the green mass is approximately 10 percent of
the total soil area (figure 4)). The change in albedo in the 700-730 mp /29
spectral region is 2-3 percent; the albedo is 10-20 percent in the 750-900 mu
wavelength region. The average values of the albedo for these surfaces are
given in table 2 together with the albedo for plants in the herbage stage and
the ratio of these values to the albedo for dry chernozem(black carth).

The table shows that even a small amount of vegetation (annual grapes) re-
sults in a considerable change in albedo, which is especially pronounced begin-
ning at a wavelength of 700 mp.

Corn may be used as an example for tracing the change in spectral albedo as

a function of vegetation phases (fig. 5).
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Figure 5. Daily average values of spectral
albedo for corn in various phases of grow
1, Silage; 2, tall; 3, yellow,

This figure shows a change in the profile for the chlorophyll absorption
band (and a 3-4 percent increase in albedo for the 450-680 mp as the plant
grows--during the transition from silage to tall green corn. There is a con-
siderable reduction in the albedo in the 750-850 mp wavelength range. During
ripening of the corn (as it becomes yellow) there is a further increase in the
albedo in the 550-730 mp spectral region and the chlorophyll absorption band
disappears.

Since there is a considerable diurnal variation in albedo, a study of the
average daily values is of considerable interest. This problem was first con-
sidered by K. S. Shifrin (ref. 4), and conversion factors were derived somewhat
later by Kh. G. Tooming (ref. 5) for calculating the average daily integral
albedo. A considerable qugntity of statistical data is necessary for finding
these conversion factors. We have made an attempt to compile a table of con-
version factors K (the ratio of the average albedo to the albedo of the observa-
tional period) for the 550-975 my wavelength range from measurement data above
alfalfa for 20 clear days (table 3).

These factors may differ by +10 percent for individual spectral regions.



TABLE 3. CONVERSION FACTCRS K FOR VARIOUS SOLAR ELEVATIONS (ho)

, K - K
I’! .;", R h@’
e | Jul ne Jul

deg | June | )] deq |du Yy
2i—-23 0,86 0,95 63—61 . 1,09 —
2529 0,59 0,95 5652 1,10 1,10
32-34 0,95 1.00 4743 1.04 1,00
37—40 0,98 1,05 . 40-37 1,00 0,98
43-47 1.02 1,13 3132 0,96 094
5256 1.05 122 | 929-25 0,93 084
6i—63 108 1.27 2321 0,89 080 . %

66 113 z — z g e

0y

Table 3 shows that the average daily albedo for July before noon corre-
sponds to the albedo measured at solar elevations of 32-34°, while the range
for June is 40-43°; the corresponding ranges for the afternoon are 37-400 /30
for June and 43-47° for July.

A1l the types of vegetative cover which we studied have a diurnal varia-
tion in albedo with a minimum at noontime for clear days. Changes in albedo
of alfalfa for the month of June are given in table 4 as a function of solar
elevation with respect to true noon. This table shows that the diurnal varia-
tion in albedo for the month of June is symmetric with respect to noon and may
vary by 30-40 percent as the solar elevation changes from 26 to 66°.

The diurnal variation of the same surface is asymmetric for the month of
July (fig. 6); the afternoon values of albedo are 10-15 percent higher than the
forenoon values (for solar elevations of 30-18°) and the albedo varies by /31

50-60 percent.with a change in solar elevation from 24 to 62°,




‘ TABLE 4. DIURNAL VARIATION IN THE RELATIVE VALUES OF
T SPECTRAL ALBEDO FOR ALFALFA (THE ALBEDO AT A SOLAR
ELEVATION OF 66° IS TAKEN AS THE UNIT)

l‘ ke deg

Al

Wl )

] “ﬁ % | 32| 36| 47| 56| 63 | 66 | 63 | 56 | 47 | 36 | 32 | :
3;5 £ 61 32 3 7 5 2 26

6256 | 128} 1251 1151 100 115 111 § 100 ; 109 | 109 | 103 ; 109
760 | 100} 954 9311621067 981100 937 921 951 97
750 | 1321 1267 129 115! 103} 103 ; 100 ; 103 | 103 | 102 1 123
) 800 | 131] 128 121 1081 1051 105 | 100 { 100 | 102 | 108 | 12]
850 | 136} 123, 123 115 107{ 102 { 100 | 102 { 105 { 110 | 123
\ 900 | 1367 1181 1251 113} 108 103 | 100 | 100 | 103 | 110 | 12}

128

A% : v
¢4 . i
N \

20

1020 37 &7 50 60 60 50 40 30 20 19 hy

Figure 6. Diurnal variation in the spectral
albedo for alfalfa (July 1961, Tairovo settle-
ment).

1, A = 660 mp; 2, A = 700 mp; 3, A = 800 mu.

Snow and Water Surfaces
The albedo of snow cover is extremely variable in contrast to that of other
surfaces. This variation in albedo depends both on changes in the surface it-

self and on conditions of illumination. It should be pointed out that a visual

10
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Figure 7. ©Spectral characteristics of the
albedo for a snow surface during clear
weather (22 February 1963).

1, 10 hours; 2, 12 hours.

scale is used to determine the state of the snow cover. However, the reading
of this scale should not be used to judge the change in physical properties of
the snow. These circumstances make it difficult to explain the reasons for
variability in the albedo of snow.

Our studies above the snow surface were used as a basis for compiling
tables of the spectral albedo for individual measurement days and of the mean
meteorological values of albedo calculated as the averages from data for sev-
eral measurement days (see appendix).

Curves are given in figure 7 for the albedo of freshly fallen dry snow as
a function of wavelength in clear weather. 1In the interval of wavelengths
from A = 420 mp to A = 500 mp, the albedo increases by AA = A5OO My - Ay oy W 2
5-9 percent, There is an insignificant change in albedo values (1-3 percent)
in the 500-800 mpu spectral range. Beginning at A = 800 mp and continuing to
A = 1000 mp there is a reduction in albedo by AA = Al hpp T - Agpp M = /32
5-12 percent,

The albedo of wet snow shows little change in the 420-800 mp wavelength

region during clear weather. The change in albedo in the 800-1000 mp spectral

11




:% AmA ZZ_ et | A:n@‘p
w500 600 9 80 0w .o we wy o Mro &y 0 7/7;17_(7
Figure 8. Speétrai ch;racter— Figure 9. Spectral character-
istics of the albedo for a snow istics of the albedo for a snow
cover during clear weather (29 surface during an ovcercast of
March 1963, Sablino settlement). 10/10 st (28 February 1963).
1, 9 hours; 2, 11 hours; 3, 15 1, 9 hours; 2, 12 hours.
hours.

. . il A - = -
region is more pronounced than for dry snow, being AlOOO mny, A800 myl 16-18

¢
!

percent (fig. 8).

s

The albedo for freshly fallen snow during overcast weather has a flatter
spectral curve. In this case the change in albedo in the 425-950 mp wavelength
range is 6-8 percent (fig. 9).

The spectral albedo for many types of snow surface varies only slightly in
the 500-800 mp wavelength range. The principal changes take place in the 800-
1000 mp range. The change in albedo in this spectral region is considerably
dependent on the moisture content of the snow.

Figure 10 shows the spectral albedo of a water surface measured above a
lake where the bottom was about 60-70 cm deep. Characteristic for the water
surface in this case are slight changes in the albedo throughout the 420-850 mp

wavelength region. The spectral change in albedo is less than 4 percent.

12
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Figure 10, Spectral characteristics of

the albedo for a water surface.

The diurnal variation in the albedo of water has a pronounced mirror- /33
reflection nature with a minimum at noontime., As the solar elevation decreases
from 58 to 289, the albedo increases by a factor of 2-2.5 in comparison with the

value for true noon.

Soils, Rock Outcropping, Road Surfaces

Surfaces belonging to the first category (fig. 11) show a continuous in-
crease in albedo as the wavelength varies from 500 to 1000 mu.

Given below are changes in the albedo for various surfaces in the 500-900

my, wavelength region.

Surface Albedo,
Fallow 3-13
Concrete 12-25
Asphalt 13-24
Dirt road 9-27
River sand 36-54
Straw 10-40
Dry grass 6-29
Grain stubble 6-30

13
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Figure 11. Spectral characteristics of
albedo.

1, Asphalt; 2, concrete; 3, road; k4, sand.

Investigation of a large number of surfaces in the first category will give
a basis for grouping them according to types as was done in reference 3.

Data are given in the present paper on the spectral albedo for various sur-
faces in the h50-97§gz;§elength range derived basically from observations under
clear weather conditions. Studies of albedo will be made in the future for a
wider range of wavelengths under varying illumination conditions and the average

albedo will be found for various types of surfaces.
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